In the lake Ellidavatn, southwest Iceland, the diel activity of Arctic char and brown trout was studied in autumn (September) and spring (April) by removing the fish from gillnets every 3 hours for three days. Additional fish samples, evening and morning, were taken at other times of the year. The catch per unit effort was about 10 times higher during the nighttime than daytime for both char and trout. The median weight of char was lowest near the middle of night (80 g) and highest near the middle of day (140 g). The median weight of trout was also lowest near the middle of night (110 g) and highest near the middle of day (330 g). The main diet of char consisted of the cladoceran Eurycercus lamellatus in September and chironomid larvae in April and the main diet of trout was always sticklebacks. In autumn and spring, the feeding was nocturnal in the char but crepuscular in the trout. The median stomach content of char was highest at dawn (0.52% of body weight) and lowest at dusk (0.14% of body weight). It is proposed that nocturnal char shift through the bottom substrate in search for prey. The median stomach content of trout was highest at 09.00-18.00 and 24.00-03.00 hours (0.13-0.18% of body weight) and lowest at 03.00-06.00 and 18.00-21.00 hours (0.02-0.07% of body weight). Different feeding times may help to secure mutual coexistence of char and trout in a small lake. In autumn and spring, the average daily consumption of char was about 0.8% of body weight, less than half their maximum food intake.
Introduction
Salmonid fishes are generally considered to be visual feeders (NmSSON 1963; WARE 1972; ERIKSSON 1973; THORPE et al. 1988; JORGENSEN 8,: JOBLING 1990; MALMQUIST 1992a MALMQUIST , 1992b MALMQUIST et al. 1992 ) and adaptations for high visual acuity at daytime light intensities are generally incompatible with sensitive night vision (FRASER & METCALFE 1997) . Experimental studies indicate, however, that at certain times of the year, brown trout (Salmo trutta L.), Arctic char [Salvelinus alpinus (L.) ] and Atlantic salmon (Salmo salar L.) parr may be more active at night (CnASTON 1968; LrNNgR et al. 1990; FRASER et al. 1995; VALDIMARSSON et al. 1997 ), when they take most of their food (JORGENSEN & JOBLING 1989; ALANARA & BR3,NNAS 1997) . Field studies have shown nocturnal activity of brown trout and brook char [Salvelinus fontinaIis (M~TCnlLL) ] (HEGGENES et al. 1993; BOURKE et al. 1996) . In a deep Norwegian lake in July-September, pelagic Arctic char fed almost exclusively on zooplankton both day and night while brown trout fed on zooplankton during the day and on surface insects and chironomid pupae during the night (DERvO et al. 1991) .
In Ellidavatn, Arctic char fed throughout the year on small benthic invertebrates, while brown trout fed on sticklebacks (BJORNSSON 2001) . In an attempt to shed some light on the mechanism involved in the resource partitioning and niche shift of char and trout in Ellidavatn their diel feeding behaviour were studied by analysing stomach contents from fish captured in gillnets throughout the 24-h period. Growth rate of adult char in Ellidavatn appeared to be food limited (BJORNSSON 2001) . The clear-cut diel changes in the stomach content of char in Ellidavatn made it possible to estimate their daily food intake and thus independently test whether these fish were food limited. This paper is based on a B.Sc. honours program carried out at the University of Iceland in the years 1974-76. The Municipality of Reykjavfk recently made plans to develop the area around Ellidavatn and needed background information about the ecology of the lake. This was seen as an opportunity to rework all the data for this study site and to publish the most interesting material.
Study site
Ellidavatn is a small and shallow lake close to Reykjavl"k, Iceland, 64°06 N and 21°47 W and 75 m above sea level. The lake has a surface area of 2 km 2 and is 1-3 m deep. Approximately 2/3 of the bottom is soft and muddy and 1/3 turf with scattered rocks. The shore is rocky with a strip of hard bottom surface a few meters wide. There are two tributaries, H61ms~ and Sudurfi, and one outlet river, Ellidafi. The average renewal time of the lake was about one week. The water temperature was 0 °C from November to February and 8-12 °C from June to August.
About half of the bottom was covered with macrophytes, 
Methods
The sampling site was at the east shore of the lake near the farmhouse Ellidavatn (BJORNSSON 2001) . Fish samples were obtained by two or three monofilament bottom gillnets, 24 m long and 1.15 m deep, with a mesh size of 22 mm (knot-to-knot). The nets were tied together and set from a small boat at a right angle to the shore, starting 3 m from the shoreline. Water temperature was measured at the sampling site before and after deployment of the nets. Measurements of cloud cover at the weather station in Reykjavfk 8 km away from the sampling site in Ellidavam were used to estimate the light conditions during nighttime. Nighttime was defined as the dark period from the end of twilight until the beginning of twilight. In two periods, 19-22 September 1975 and 26-28 April 1976 the nets were deployed for nearly 72 hours and the entangled fish removed every 3 hours. Additional fish samples were taken at different times of the year. Those were paired samples, one in the evening and one in the morning, deploying the nets for 1-3 hours. The fish were measured and dissected within two hours from sampling. The maximum length (cm) and ungutted weight (g) were recorded and the stomach content emptied into glass vials with a mixture of isopropanol (70%), water (20%) and glycerol (10%). A magnifying lamp (x2) or stereoscope (xl0) was used to identify the content to easily identifiable groups of prey and indigestible plant remains and gravel. Each group was drained briefly on tissue paper and weighed with an accuracy of 0.01 g.
Both means and medians with 95% CL were used to study diel changes in stomach content expressed as % of fish weight; a t-test was used to compare means and a Mann-Whitney U-test to compare medians (CAMPBELL 1967) . A Bezier curve in the computer program Corel Draw 8 was selected to describe the continuous diel changes in stomach content of char (two nodes) and trout (four nodes).
Results
In 19-22 September 1975 the nighttime was 10 hours with full moon and average cloud cover 72, 22 and 100% during the three nights, respectively. In 26-28 April 1976 the nighttime was 51/2 hours with new moon and 100% cloud cover during all three nights (Icelandic Weather Bureau, data bank). During all nights of the study except one, the mean windspeed was low (3-5 m s~l). During the third sampling night in September there was a strong breeze (12 m s -I) sufficient to increase the turbidity in the lake. There was no snow cover on the ground to increase light intensity in either study. In the September and the April study the mean temperature was 5.2 °C and 6.5 °C, respectively; the mean temperature change within the 24-h period being 1.5 °C and 0.9 °C in September and April, respectively.
In September 1975 and in April 1976 the catch per unit effort of char and trout in Ellidavatn was approximately 10 fold in the nighttime compared to the daytime (Fig. 1) . In all cases the differences in catch between night and day were statistically different (t-test assuming unequal variances, n --6 to 14, P < 0.05). Usually, 2-9 char and 0.5-2.0 trout were caught per net per hour at night, with a maximum catch near sunset, but only 0.2-1.0 char and 0.0-0.2 trout in the day (Fig. 1) .
In the combined fish catch from autumn (September and October) and spring (April and May) the median weight of the char and trout changed gradually during the 24 hours, reaching a minimum of 81 and 113 g near the middle of the night and a maximum of 141 and 328 g near the middle of the day for char and trout, respectively (Fig. 2) . The diel changes were highly significant for the char, and in 5 out of 8 cases there was a significant difference between adjacent 3-h periods (Mann-Whitney, n = 15 to 138, P < 0.05). The data for trout were much more limited with no significant differences between the individual periods (Mann-Whitney, n = 13 to 66, P > 0.05).
The stomach content of the char was significantly higher in the morning (03.00-09.00) than in the evening (18.00-24.00 hours) (Table 1) (t-test, P < 0.001 for 20 September, 21 September, 27 April). The mean stomach content in the morning was 0.53% in September and 0.49% in April, not a significant difference (P > 0.05). The mean stomach content in the evening was 0.17% in September and 0.23% in April (P < 0.05). There was not a significant difference between adjacent mornings (20-21 September: P>0.05) and usually not between adjacent evenings (19-20 September, 20-21 September, 21-22 September, 26-27 April: P > 0.05; 27-28 April: P < 0.05). There was a low number of char stomachs during the day and fewer stomachs in the morning than in the evening and thus the data were too limited to show distinctly the diel changes for each 24-h period. However, by grouping the data according to time of day, clear diel changes were seen both in September and in April (Fig. 3) . The mean stomach content was lowest at dusk (0.14-0.19% of body weight) increasing rapidly throughout the night, reaching a maximum near dawn (0.49-0.54% of body weight) and then decreasing throughout the day. In both studies, the largest increase in stomach con-tent occurred in the period 00.00-06.00 hours. In the September study, about 70% of the diet was E. lamellatus and in the April study, about 60% of the diet was chironomid larvae. Thus, it seems clear that char in Ellidavatn consumed their food mainly at night in September and April. Most of the samples taken at other times of the year also showed larger stomach content in the morning than in the evening ( Table 2 ). The feeding of the char in Ellidavatn, therefore seems to be nocturnal, at least in the spring and autumn.
Due to limited sample size, all data for the trout in autumn (September and October) and spring (April and May) were pooled according to time of day. The total number of fish was 196 (49% of them from September and 45% from April). In this analysis, medians were used due to skewness of the distributions. The results indicate that the trout in Ellidavatn ate mainly during the evening (21.00-01.00) and morning (05.00-11.00 hours) (Fig. 4) . About 80% of the diet of trout were sticklebacks. There was a significant difference in stomach content between the periods 18.00-21.00 and 00.00-03.00; 09.00-18.00 and 18.00-21.00; 06.00-09.00 and 18.00-21.00 hours (Mann-Whitney, P < 0.05) and almost a significant difference between the periods 03.00-06.00 and 09.00-18.00 hours (Mann-Whitney, P = 0.06).
A comparable analysis was carried out for the char. The total number of fish was 465 (55% of them from September and 35% from April). The rapid increase in stomach content from 21.00-06.00 hours indicates that the char consumed most of their food at night (Fig. 4) --il 26-28 April 1976 3 6 9 1'2 15 1'8 2'1 2'4 3 3 6 9 1'2 1'5 1'8 2' 1 2'4 3 TIME OF DAY (hours) TIME OF DAY (hours) crease in stomach content from 06.00-21.00 hours indicates that little or no feeding occurred during the daytime. The stomach content in the period 03.00-06.00 was significantly higher than in all the other periods except 06.00-09.00; and in the period 18.00-21.00 the stomach content was significantly lower than in all the other periods except 21.00-24.00 hours (Mann-Whitney, P < 0.05). The diel changes in stomach content of char were used to estimate the average daily food intake. The difference between maximum and minimum stomach content gives the minimum intake, 0.40% of body weight per 24 hours. By assuming that there is no food intake from 06.00 to 18.00 hours, the average stomach evacuation rate was 0.04% of body weight per hour. Assuming the same evacuation rate for approximately 9 hours of feeding, 0.36% of body weight per 24 hours can be added to the daily food consumption. The average duration of each fishing session was 3 hours and thus the char were in the nets for 1.5 hours on average. This factor affects the stomach content more at dawn than at dusk since the evacuation rate increases with stomach content (ELLIOTT 1972; ELLIOTT & PERSSON 1978) and thus approximately 0.04% can be added to the daily food intake. Accordingly, the daily food consumption of char in Ellidavatn in autumn and spring may have been approximately 0.8% of body weight at a mean water temperature of 5.6 °C, weighted by sample size.
Discussion
Although net avoidance was probably higher during the day than at night, it is clear that the large catches at night show high swimming activity of both char and trout after dark. These results are consistent with direct activity measurements of brown trout in rivers (CHASTON 1968 (CHASTON , 1969 HEGGENES et al. 1993 ) and brook char in lakes [Salvelinus fontinalis (MITCHILL) ] (BoURKE et al. 1996) . In Ellidavatn, juvenile char and trout were rarely seen during the day whereas at night many could be spotted from the shore with a pocketlight and caught by a handnet (BJORNSSON 2001) . It was noticed that the smaller fish (< 15 cm) swam towards the shore and the larger ones away from the shore when spotted, indicating that the rocky shore provides a shelter for the smallest fish.
The median weight of char and trout was larger during the day than at night, indicating that during the day smaller fish are less active than larger fish, perhaps due to risk of predation (VALDIMARSSON & METCALFE 1998; METCALFE et al. 1999) . The predation risk of trout and char in Ellidavatn by large trout must decrease with their size (BJORNSSON 2001 ). An alternative explanation of the diel changes in median weight is that net avoidance during the day may be significantly affected by fish size, as large fish with higher swimming speed and larger momentum may have less chance of avoiding entanglement than small fish.
The observed did changes in stomach content show that char in Ellidavatn mainly eat at night in September and April. In other less extensive observations, a significant increase in stomach content from evening till morning in April, May, June, September and November was also found, indicating that nocturnal feeding of the char prevails in spring and autumn. In Ellidavatn, the diet of char throughout the year is small benthic invertebrates (BJORNSSON 2001) most of them living on soft bottom and many of them are found below the bottom surface in the mud.
The present data do not indicate that changes in light intensity from night to night had any effects on the diel changes in the stomach content of char. In the September study, the light intensity was highest during the second night and lowest during the third night but there was no indication of day-today changes in stomach content. In the April study, it was overcast with low light intensity during all three nights, but the stomach content was significantly lower during the third night compared to the first two nights. The foraging efficiency of juvenile Atlantic salmon has, however, been found to decline rapidly through the range of light levels experienced at night FRASER & METCALFE 1997) .
It is clear that salmonids can feed under conditions where visual perception is not possible. Juvenile Atlantic salmon were able to feed to a certain extent in total darkness (MET-CALFE et al. 1997 ) and juvenile chinook salmon [Oncorhynchus tshawytscha (WALBAUM)] were able to feed on surface, planktonic and benthic prey in highly turbid water (turbidity: 230-810 NTU) where reaction distance to prey was 0 cm (GREGORY & NORTHCOrE 1993) . Laboratory experiments show that in total darkness Arctic char can grow well on food taken from the bottom (JORGENSEN & JOBLING 1990) and with continuous feeding provided throughout the 24-h period, most of the food intake takes place at night (JOR-GENSEN & JOBLING 1989) . However, juvenile (20 cm) Arctic char kept in rearing tanks without feeding were more active during the day than night in all months of the year except in October and November (LINNER et al. 1990) .
ALANARA & BRANNAS (1997) who studied the feeding behaviour of Arctic char and rainbow trout [Oncorhynchus mykiss (WALBAUM) ] in rearing tanks with self-feeding systems found that fish taking food at night were smaller than those taking food during the day. Radiotelemetry of adult brook chat" in two Canadian lakes showed that they were more active at night than in the day (BOURKE et al. 1996) . In an experimental study, juvenile Arctic char were found to be more nocturnal than juvenile Atlantic salmon, and the juveniles from a lake population of Arctic char were more nocturnal than the ones from a riverine population (VALDIMARSSON et al. 2000) . These authors suggested that fish derived from a lake population are better foragers in darkness because of adaptations to foraging in deeper (and hence darker) water than are riverine fish. In a Norwegian lake, Arctic char feeding almost exclusively on zooplankton both day and night had higher stomach fullness during the day than at night in August and September (DERVO et al. 1991) . The density of zooplankton prey was far higher at night than during the day. Still the stomach fullness was highest in the evening and lowest in the morning indicating that feeding efficiency decreased with reduced light levels.
The nocturnal feeding of char in Ellidavatn does not indicate that they rely primarily on vision for feeding as has been suggested for salmonids in general (NILSSON 1963; THORPE et al. 1988; JORGENSEN ~; JOBLING 1990; MALMQUIST 1992 MALMQUIST , 1992b MALMQUIST et al. 1992; GUDBERGSSON & ANTONSSON 1996) . Instead the results are more consistent with the hypothesis that char in Ellidavatn rely on taste and/or tactile stimulus to detect their prey at night. The high percentage of plant remains and gravel in the stomach content of char but not trout in Ellidavatn (BJORNSSON 2001) suggests that char shift through the bottom substrate in search for prey. The gilltakers may aid in filtering particles of proper size from the flocculent substrate. For 24 cm char the average distance between the gillrakers is about 1 mm (DERVO et al. 1991;  MALMQUIST 1992b), thus, retaining prey as well as plant remains and gravel >1 mm in diameter.
The primary function of nocturnal activity of salmonids may be to hide from diurnal predators (VALDIMARSSON & METCALFE 1998) . During the day, a moving, foraging fish is more likely to be detected by a predator than a stationary, vigilant one (DONNELLY & DILL 1994 
The trout in Ellidavatn seem to take their prey, sticklebacks, mainly twice a day, in the evening and in the morning, probably at dusk and dawn as many other piscivores do (KEAsT & WELSH 1968; EMRY 1973; SWENSON 1977; KELSO 1978; HELFMAN 1981 HELFMAN , 1986 . Direct observations by a diver of 20 freshwater species in Ontario lakes suggested diurnal feeding of 10 species, crepuscular feeding of 4 species and nocturnal feeding of 4 species (EMRY 1973) . At dawn and dusk, large changes in activity take place and large predators use this period of confusion to hunt. Predators swimming near the bottom are hard to see but the prey above are more easily seen against the lighter background (EMRY 1973; HELFMAN 1986) . Sticklebacks which are diurnal feeders (BEUKEMA 1968) are, thus, likely to be prone to predation near dusk and dawn. Laboratory experiments have shown nocturnal activity of brown trout (CHASTON 1968 ). However, the main feeding of brown trout in an English river was near dawn and dusk in the spring and autumn but between 08.00-12.00 hours in the summer (CnASTON 1969) . From October to May brown trout in a Norwegian stream showed nocturnal activity (HEGGENES et al. 1993) . In a Norwegian lake during July -September, brown trout fed on zooplankton during the day and on surface insects and chironomid pupae during the night (DERVO et al. 1991) .
The reduction in stomach content of char in Ellidavatn from 06.00-20.00 hours was similar to the decrease in stomach content of brown trout which had been fed on amphipods or chironomid larvae at 6 °C (ELLIOTT 1972) . This indicates that in autumn and spring the char ate virtually nothing during the day. The estimated food intake of the char in Ellidavatn during the 24-h period was 0.8% of body weight. In comparison the maximum daily intake of chironomid larvae by a 100 g trout was 268 mg dry weight at 6 °C (ELLIOTT 1975a) which is equivalent to 2.2 g wet weight, assuming 87.9% water content of the chironomid larvae (ELLIOTT 1972) . Arctic char has a better growth potential than brown trout at lower temperatures than 12 °C (JENSEN 1985) , which suggests that maximum food intake is higher in char than trout at low temperatures. Thus, apparently the daily food intake of the char in Ellidavatn was less than half the maximum food intake of char at 6 °C. This is consistent with the evi-dence that the growth rate of the char in Ellidavatn was food limited (BJORNSSON 2001) . Feeding for 24 hours might increase the daily food intake and growth rate of char but most likely at the expense of increased predation risk (METCALFE et al. , 1999 .
The resource partitioning and niche shift of char and trout in Ellidavatn indicates that char are better adapted to preying on small benthic invertebrates than trout, and trout are better adapted to piscivory than char (BJORNSSON 2001) . Thus, char and trout netted in the same location in Ellidavatn not only feed on different types of prey, they also feed on them at different times of day. This may be one more example of how char and trout can coexist in a small lake by avoiding direct confrontation while utilizing the available food resource in a common habitat.
